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Fig. 3.8. Electron micrograph showing the narrow
space (arrow), filled with amorphous material, be-
tween adjacent vascular endothelial cells (E). L is the
lumen of the vessel, x 68 000.

There appears no doubt that fluid and micro-
molecular solutes can cross the endothelium
by both the above routes but their relative im-
portance is still uncertain.

Leakage of proteins from
microvessels

While relatively permeable to water and small
solutes, the walls of normal capillaries and
venules exert a sieving effect on larger mole-
cules, providing an increasingly effective barrier
to macromolecules proportionate to their size.
In connective tissues and voluntary muscle
there is relatively little loss of albumin and even
less of the larger plasma proteins.* Never-
theless some protein does escape from the
microvessels of all tissues, and physiologists
have postulated the existence of a second micro-
filter system of smaller numbers of larger
'pores' to account for this (Pappenheimer et
aL, 1951). In an exercised limb, increased pres-
sure and flow of blood through the small vessels
of the muscles results in greatly increased flow
of the lymph, and yet the total protein content
of the lymph, which represents most of the pro-
tein escaping from the microvessels, is not in-

creased. Active hyperaemia does not, therefore,
account for the increased protein leakage from
the microvessels in acute inflammation, which
can be explained only by assuming an in-
crease in the number of Pappcnheimer's postul-
ated large "pores'.

The observation of leakage from individual
vessels and the detection of Pappenheimef s
large pores through which proteins leak out
was accomplished by inducing acute in-
flammation and injecting intravascularly a
suspension of carbon particles. The particles
escape through the large pores and so label
the leaking vessels, while the sites of leakage
can be detected by electron microscopy.
Using this technique, it was shown by Majno
et al. (1961) that, when increased permeability
was induced by histaminc or other potential
endogenous mediators (see below), the carbon
particles escaped through large gaps which de-
veloped between adjacent endothelial cells (Fig.
3.9.). This has now been fully confirmed in
acute inflammation induced in various tissues
by various injurious agents. The gaps appear to
be temporary, for injected colloidal material
has also been observed deep to normal (i.e.
'tight') endothelial cell junctions in acutely
inflamed tissue. Very occasionally, this has
been observed in normal (non-inflamed)
tissues, suggesting that transient gaps account
also for the normal leakage of small amounts
of protein.

Although plasma proteins of various molec-
ular sizes appear in the acute inflammatory
exudate, a sieving effect persists, the smaller
proteins escaping more readily than the larger
ones. Since the observed inter-endothelial cell
gaps are much larger than the largest protein
molecule, it is apparent that vascular basement
membrane also acts as a relatively coarse filter
to proteins which have leaked through the
endothelium.

It is possible that some protein is normally
transferred across the vascular endothelium in
the micropinocytotic vesicles (see Fig, 3.7), but
these have not been shown to increase in in-
flammation and are unlikely to be an impor-
tant factor.
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